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Impedance feedback monitor for alactroaurgical Inetrument 



(S7) Animpaoancanxwiioringoavi^ 
nKsiaoring the electrical I mp ed a nce of tissue as it is 
treated wfth etectrosurgicai energy Baaed ma predated 
m ° del 01 Smosdanca » number of Mini im- 

pedance readings, tha impedance at Which tissue treat - 
mant « compiated Is predicted: Mora partial a min- 
•num vnpedence level is measured and a function of the 
minimum impedance is used to determine wnpsdance at 



* coagulation a completed. Acortotdevicerspro- 
I tor bringing the output of the generator within an 
optenomwge based on a system load cuvt. In one 
amb °diment **e impedance mon to rng device is used 
in avtjunceonwshe bipolar etectrosurgicai instrument 
FWerabry, the instrument comprises eiectricetty t 
see etectrodaa located on one or more tissue < 
•"^^^•W^aeeuetobetrsated 
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Description 

FteM of the invention 

This invention relates to olsctrosuroxal tissue treat- 
ment, and in particular, to a method and apparatus lor 
controlling the elect rosurgical treatment of tissue by 
measuring impedance of the tissue being treated by an 
electrosurgical device 

i 

Background of the Invention 

Electrosurgicat generators are used to deliver ther- 
apeutic electrical energy to surgcaJ instrurnenti. These 
instruments are used for example, for culling, coagula- 
tion, tissue welding, ablation, and dissection. Both mo- 
nopolar and bipolar generators typically supply electro- 
surgical energy in the radio frequency <RF) range to such 
instruments Usually such generators include controls 
that regulate the voltage anchor current so that a select 
power level is approximately delivered and a maximum 
power level is not exceeded. 

Whan such RF generators ara used, the primary 
control is the experience of the surgeon who responds 
to what is observed to be ha p pening to fne tissues** is 
treated weh the RF energy. Often, particularly for endo- 
scopic procedures, surgeons cannot readily sea what is 
happening to the tissue! Also, the change in tissue prop- 
erties due to the RF energy may occur so quickly so as 
not to afford time for the surgeon to react soon enough 
lo turn off electrical energy to the ^strument As a rssu*. 
some problems which may occur sicfudetissuacrwhng. 
sticking of tissue to the electrodes of the surgical instru- 
ment and over or under treatment of tissue. 

It has been recognized that the tissue impedance 
changss as RF energy is applied to the tissue Attempts 
have been made to control the power delivered lo the 
tissue as fne tissue impedance changes. For example, 
current has been controUed based on the change in the 
vt>ftegac>rthepowerde4rven»dbyto 
The deferential quotient of Ussue impedance as RF pow- 
er Is applied to me tissue has been used to determine 
en initial power level and to switch oft RF power when 
the differential quotient of impedance reaches a preset 
value. 

Notwithstanding these control arrangement*, there 
is a conenuinc; need tor improvement in the control of 
elect rosurgicaJ energy detrverance to the tissue end** 
determination of when tissue treatment has reached an 
optimal level. 

In particular there is a need to provide a device and 
method for determining the end point of coagulation tor 
a variety or a range ot tissue impedance, due to. e.g.. 
varywtg tissue composition, tissue types and treated tis- 
sue areas anoVor volumes. 

The present invention relates to a device and math 
od of the type described m> EP-A-0 640 3t7. 



Summary of the Invention 

The present mention provides an rnpedanca mon- 
itoring device andtor method which monitors the vnped- 
5 anco ol tissue between poles of a therapeutic eleciroeur- 
gical instalment. Based on a model of expected tissue 
impedance behavior over time with the deliverance of 
eiectrosurgjcal energy, the monitor od tissue; impedance 
is used to determine tissue statue. This will be described 
to in more detail below. A signal Indicating status of tissue 
is provided other to a user or lo an inetnjrnont controSer. 
The device may also include a switch which automati- 
cally turns off the electrical energy when treatment is 

In a ccord an ce with the present invention, a tissue 
impedance monitor is provided which continuously 
measures tissue impedance ae alectncaf energy la de- 
livered to tissue. Aocorcfing to known tissue s npo dan ce 
modest, tissue rnpedanca ntelrydiops as etecsrx^ en- 
ergy is applied and than begins to rise again as coagu- 
lation occurs. The present invention provides tor estab- 
lishing a value for the minimum impedance, ie . when 
the impedance is at its lowest value as the energy is ap- 
pked. Then, the rnpedanca vaJOe antttpatsd to provide 
the desire^ tissue effect is determined by calculating a 
selected function of the established minimum imped- 
ance When the measured impedance rises to the level 
of the impedance value for the desired result. s.g.. co- 
agulation, tissue wefdsig or a level of diathermy, the in- 
strument w* indicate or provide a response tor such 
event. The present invention is preferably adapted so 
that the condition is detected lor a range of expected tis- 
sue impedances which varies according to tissue type, 
area andtor volume. 

In a preferred errxxxJrnent the dassed tissue condi- 
tion is where ooa gut a l ion is completed. Whan tics point 
has been reached a feedback signal Is provided to acon- 
trot unit or to the user, at which time the energy supply 
is switched oft. The feedback signal may. for example, 
provide a visual. eurJbtaor tactile signal to a user. anoVor 
may provide instructions to a control ur^ to automat«aty 
turn off energy su pplie d to the tissue. 

Optionally, the device may ateo include a switch, 
adapted to turn off electrical energy when a short circuit 
ccnditon is detected, when an open circuit condsJon is 
detected or when the device is on. i.e.. supplying current 
or voftage for a preset max mum amount of time. 

In accordance wth one aspect of the present inven- 
uon. an ele c t ro s urgicaJ apparatus for coagulating tissue 
during a surgical procedure comprises en end effector 
with opposing interfacing surfaces which may be closed 
towards each other to engage tissue to be electros urg>- 
catty treated. Preferably the end effector Mudes first 
and second e l e m en ts movable relative to one another 
tor engaging tissue lo be coaputaied there be tween At 
least one ot the atectffcsj pesos of the instrument is com- 
prised ot an els e tf ode associ a t ed wan at least one of the 
Orel and ••eond ■ tom n n . THe electrode m « e arnest 



20 



2S 



30 



3S 



40 



4S 



SO 



02/28.-97 12:08 REEDFAX * 91.4153253057 



NO. 188 P033> 



EP0703 461 A2 



with the tissue to be coagulated A power controller re- 
sponsive to a power control signal provides RF energy 
to the tissue contacting electrodes) of the first anovor 



Impedance measuring circuitry is coupled to the OF 
generator output and measures the impedance ol the tis- 
sue between electrodes corresponding to the first and 
second poles. Feedback circuitry is coupled to the im- 
pedance measuring circuitry. The feedback circuitry in- 
cludes a first device tor determining a minimum imped- 
ance value end holding said minimum xnpedance value. 
A second dovfce provides a threshold determining circuit 
coupled to the first device. The threshold determining cir- 
cus determines a threshold impedance value as a func- 
tion of the held minimum impedance value. 

The threshold determining circuit may comprise an 
analog device for determining the function of minimum 
' irnpeoence or a digital circuit including, lor example, a 
look up table for determining the threshold impedance 
value based on an Input minimum impedance vakie. 

After a threshold value has been determined, a first 
comparator compares the measured impedance value 
to threshold impedance value and generates a power 
control signal to the power controller to control the RF 
energy deSvered to the ttssue upon the condition of. the 
measured srpedance value exceeding the threshold im- 
pedance value. 

A power controller may include at least one electrical 
switch for selectively supplying BP energy to the instru- 
ment to coagulate tissue positioned between the lirst and 
second elements. 

The power controller may selectively switch off the 
power suppled to the tissue under a number of condi- 
tions. The controller may be used to switch off power 
when the measured impedance value exceeds the 
threshold impedance value, when an open circuit condi- 
tion or a short circuit condition exists, or H voltage and 
current is supplied for a period of time exceeding a max- 
imtim 

Another aspect of the present inventxjn provides a 
control device for bringing the energy output of the gen- 
erator within an optimal range determriedby a system 
load curve. The control device uses measured toad im- 
pedance to determine the desired energy level output 
and compares the desired energy output to the actual 
energy delivered to a target including tissue. The control 
device takes the resorting comparison and controls the 
generator output accordingly 

Although the instrument may be a monopolar device 
or a multipolar device including two or more than two 
poles, the end effector preferably includes two electrical- 
ly opposite electrodes corresponding to two electrically 
opposite pofee. 

tn the preferred bipolar device, electrically opposfte 
electrodes of each of the poles are located on one or 
bo*i or the opposng surfaces. Each of the first and sec- 
ond eleclncaSy opposite poles comprises aa least one tis- 
sue contacting electrode, TT»« •todrodM ara mrwwnam** 



on the distal end of the elect rosurgcal device so that 
when the first and second elements close together to en- 
gage tissue, opposite electrodes are located between a 
portion of the engaged tissue. The impedance monitor- 
5 rig circuit monitors the impedance of the tissue between 
the electrodes during the doivery of RF energy through 
that tissue. As described above a minimum impedance 
is measured from which threshold impedance is calcu- 
lated. A comparator compares the measured knpedance 
io values to the determined threshold impedance value and 
generates a control signal to switch off the RF power de- 
livered to the tissue, upon the condrtion of measured rn- 
- — - s val- 



is 



In one pre! erred embedment each of the electrodes 
corresponding to the first pole are offset with respect to 
the interfacing surface from each of the electrodes cor- 
responding to the second pole. In other words, the elec- 
trodes are offset from each otter so that they are not 
20 cfemetricalty opposed from each other on interfacing 
surfaces or they are separated and insulated from each 



In the preferred embotfment the electrosurgeel in- 
strument compresses tissue in a compression zone be- 
tween the first interfacing surface and the second inter- 
facing surface and applies electrical energy through the 
compression zone. More preferably, the compression 
zone is an area defined by a compression ridge on one 
of the menacing surfaces which compresses the tissue 
against the other interfacing surface: Alternatively or in 
ado^. there may be a cor^ 
terfactng surfaces. 

One ierribodirnent includes a cutting element asso- 
ciated with an end effector. The cutting element is ar- 
ranged to cut tissue at or near tie coagulation site. Pref- 
erably, the coagulation is completed prior to any me- 
chanical or other cutting at or around the coagulation 
site. Once tissue is coagulated or cauterized, the cutting 
element may be used to cut through the coagulated tis- 
sue or between two zones of tissue coagulation 

In another embodenent the hemostatic device iairv 
corporated into a sneer cutler similar to a linear cutting 
mechanical stapler. In this embodiment the hemostatic 
device comprises two substantial parallel and elongat- 
ed electrode bars which are a s socia t ed with one pole, 
and a slot for cutting means to travel between the bare. 
Optionally one or more rows of staples may provide on 
each side of the slot and bars to provide r^~" * 



In operation, tissue is clamped between two jawaot 
the instrument, and electrical energy in me form of radio 
frequency <• RF-) energy is supplied to the compressed 
tissue to coagulate or cauterize blood vessels along the 
two substantially paraM bars. Based on the irivedance 
as rnodelingof trieoevicewimthw 

figuration, an appropriate function of the irtnknum siv 
pedence is incorporated "to the impedanco fee^acfc 

circuit to eiltwn m «»i 
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(•vol A warning mechanism is used to warn the user 
when the impedance Is out of range or exceeds the 
threshold impedance level. Also the warning signal may 
be directed to a control circuit or power controller adapt- 
ed to then provide an appropriate nstrument response, 
including where appropriate to turn off the RF energy de- 
livered to the tissue. 

In accordance with another aspect of the present in- 
vention a method of operating apparatus for etectrosur- 
gjcaily treating tissue during surgical procedure is pro- 
vided. Accordingly. » preferred method comprises the 
steps of. applying RF energy to tissue to be etectrosur- 
gieaify treated by means of an electrocurgical instru- 
ment: measuring the impedance of the tissue between 
electrodes corresponding to two poise of the electrosur- 
gical instrument: generating the impedance eignal rep- 
resentative of the impedance of the tissue; and control- 
ling the RF energy applied to the electrosurgical instru- 
ment In response to the impedance signal 

The step of comrotting tf>e RF energy applied to the 
electrosurgical instrument may comprise the steps of: 
determining and holding rrwwnum vnpedance value: de- 
termining a threshold impedance value based on a func- 
tion of the mrwnum impedance varus: comparing meas- 
ured impedance values to the threshold impedance val- 
ue; arid generating a control signal to control or switch 
off the power of the controller upon the condition of 
measured impedance value exceeding the threshold im- 



Brjoj Description of the Prawrnoe 

Fig. t is a side view of a bipolar endoscopic eleetro- 
surgcal instrument operable in accordance with the 
s present invention; 

Fig. 2 is a partial croae-eectional view of the distal 
end of the mtrument of Fig. 1 in an open position: 

io Fig. 3 is a partial cross-sectional view of the distal 
end of the instrument in Fig. 1 in a closed, unhred 



view of the 
fired position 



Fig. 4 is a partial cross 
rs sod of the instrument in a 



In accordance with yet another aspect of the present 
invention, a method of operating an electrosurgical ap- 
paratus for coagulating tissue during surgical proceoure 
comprises the steps of: providing an electrosurgical in- 
strument having an end effector comprising the first and 
second tissue engec>igew 

arid second tissue engaging surf aces incaxSng thereon 
a tissue contacting s t s ctrc ^/ associated wife e first pete 
of an elect rosurgical system arid at least one of said first 
and second tissue engaging surfaces cont ai nin g thereon 
a second tissue contacting e lectrode associated with a 
second bole of the system; engaging tissue to be coag- 
ulated between the first and second tissue engaging sur- 
faces; selectively controlling RF energy suppeed to the 
first and second tissue contacting electrodes for coagu- 
lating tissue postponed therebetween; measuring *>e im- 
pedance of the treated tissue: determining and holding 
a minimum impedance value: deter mini n g a threshold 
impedance value based on a function of the minimum 
impedance value; comparing measured impedance vat- ■ 
ues to the threshold impe da nce value: and controlling or 
switching off the RF energy connected to the first end 
second electrodes upon the condition of the measured 
imped an ce value exceeding the threshold impedance 
value. 

Other objects and advantages of the nvention wit 
apparent from the foeowtng description, the accompany- 
id the foeowsig ctavns • 



Fig. 5 is a front cross sectional view of the distal end 
of the instrument ol Fig 1 along the sne 5-5; 

to Figs. 6-9 represent a schematic block diagram of a 
microprocessor c ontro lled imp e da nc e monitoring 
apparatus for ccntroJMng the RF energy delrvered by 
•lectrosurgcel ststrument of Figure 1 i 

2S Fig. tO is a schemat ic block c*agram of an analog 
embodiment of the oontroear tor use « the appara- 
tus of Figure v. ** 

Fig. 11 Is a logic diagram of the comroBer ofFig 10 
so iSustrattng control tegie for RF our^ control and 

Fig. 12 is a characteristic curve illustrating the 
change m impedance over time during application 
of electrosurgical energy to tbsue using the electro- 
ns surgical instrument flustrated in Figure 1. 

■ * 

VwMte the present invention ia generally appscable 

40 to a variety of slicltMurgiceJ instruments both monopo- 
tar and multipolar, and both conventional arxierioosc^ 
ie, it will be Described herein with reference to a bipolar 
linear cutting instalment 

The primary purpose of the impedance monitoring 

45 devk* fe to determine when the tiea^ 

toadesireddegree. P refer ^ thistreaimemtscomplet- 
ed when the tissue has been cauterized and before ex- 
cessive tissue sacking, burning or chairing occurs. The 
impedance of tissue as it is being heated wife electro- 

SO surgical eriergy generally f ortows e cHs^ts^stic Ussos 
impedance curve. According to the 
generafty the impedance w*1 decrease, enive at a i 
mum value, and then rise as coagulation and tissue des- 
iccation occurs. At an i mp e da nce or within a range of 

ss vnpedances on a characteristic curve, co a gu la t ion will 
predictably occur. 

Figure 12 is a charact er is ti c impedance curve Mue- 

Ustino ths c 
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the application of etectrosurgcal energy using the elec- 
trosurgicat instalment illustrated in Figs. 1-S. The 
present invention determines a threshold impedance on 
the curve at which coagulation has occurred. 46. 
This impedanca is based on the value ol the lowest im- 
pedance on the curve. 45. is. when tne importance 
has stopped fading and begins to rise A function of the 
minimum impedance t(Z imn ) b used to approximately 
preotct a point at which coagulation occurs. Z^ 9mt 46 

Referring now to Fig. 10 there is illustrated a scrte- 
maticbtocK diagram of an analog e mb odiment of the en- 
pectance monMonng device c4 the present mventon The 
impedanca monitoring device determines when coagu- 
lation is complete as wel as other instrument parame- 
ters, for example, rt there is an open circuit, short circuit 
or if voltage and current a supplied to the Ussue for more 
than a predetermned maximum amount of time. Such 
conditions may indicate a problem with the instrument 
anoVor Ussue engaged by the instrument. For example, 
if excessive* not enough, c* ^appropriate tissue is en- 
gaged by the instrument. 

The instrument to Is positioned to engage tissue to 
be treated. Then, when appropriately positioned.. RF en- 
ergy is supplied to the tissue. 

A generator 70 supplies RF energy to the tissue en- 
gaged by tie end effector 15 of the instrument 10. Prel- 
erabfy. 30 to 200 vofts RMS at a fundamental frequency, 
preferably of a sinusoidal waveform. at a frequency of 
about 300 Khz to 3 Mhz is supplied with a current of about 
0. 1 to 4.0 amps. The generator 70 is turned on by a user 
operated switch. 42.. The user-operated switch 42 pro- 
vides a signal to the controfior 79 to turn on the. energy. 
The output 129 of the controller is coupled to an analog 
swftch 1 30 When output 1 29 provides an *RF on* signal 
to the switch. 1 30. an oscisetor 72. coupled to an analog 
multiplier 75 through the switch 130. supplies a voftage 
of a known frequency to she analog mutineer 75. The 
output of the analog multiplier 75 is coupled to a driver 
76 which is coupled to the input of an RF amptfier 71. 
An amplified RF signal is supplied by the generator 70 
to a circuit 80 which includes the first electrode 39 and 
second electrode (anvil 1 8) of the instrument 10. and 
the ussue 43 to be treated by the instrument 1 0. 

The current and voltage delivered to the tissue is 
measured and an RMS current Orms*) **** RMS voU ~ 
age (*V RWS ") is delernwned. 

A voltage and current sensor 81 sense* the current 
and voftage delivered to the tissue. The voltage and cur- 
rent sensor 81 includes a low impedance current trans- 
former. 82 in series with the generator 70; and a high* 
Impeoance voltage transformer 83 connected in parallel 
across the generator 70. Preferably the current trans- 
former 82 has. for example, a 1 20 winding ratio and a 
50 ohm resistor in parallel with the seconoary of the 
transformer. Preferably the voftage transformer 83 has. 
for example, a 20:1 winding ratio and a IK ohm resistor 
in paraM with the secondary of the transtormer. 

The output of the current transformer 82 is couotad 



to an RMS converter 84. The RMS converter 84 converts 
the sensed current to a DC signal to provide output 86. 
representative of I *ms- The output of the voftage trans- 
former 83 is coupled to an RMS converter 85. The RMS 

5 converter 85 converts the voltage signal into an DC sig- 
nal and provide output 87, representative of V RMS . 

The measured impedance. 2. is then calculated 
from the measured !*ms and V RUS . The outputs 87. 85 
of Vnus l*us *'* supplied to an analog divider 88 

io which divides the Vrms current J^s lo provide 

an output signal 89 representative of the measured im- 
pedance. Z. 

From the I***. and measured impedance, Z. 
the impedance monrtonng device determines whether a 

i* shod circuit or open circuit condttkm exists, wttether von- 
age and current Mas been delivered for an amount of time 
exceeding a predetermined maximum, and whether co- 
agulation is complete. 

A short circuit condition is determined by comparing 

so. the measured imped a nce. Z. to a predetermined short 
circuit impedance threshold at or below which short cir- 
cuit is likely to exist (*Z$c*). If the measured Z is at or 
below the 2^, a short circuit signal is provided to the 
controller. 

2S The impedance signal 89 Is input to a short circuit 
detector 90 comprised of a comparator. The positive irv 
put 92 ol the comparator is connected to a potentiometer 
93 which sets the threshold impedance. When the 
impedance signal 89 causae tfte input at the negative 

30 input 94 of the comparator 91 to be lower than that at the 
positive input 92. an "on" condition occurs at the output 
.95 of the comparator 91. This condition is communicated 
to a logic controfer 79 which provides a preprogrammed 
instrument response, which, in this embodiment, in- 

js eludes turning off RF energy. 

An open eveuft co n dftion exists if there is a voltage 
between me electrodes 18. 39. and no current An open 
circuit is determined as foMows: If the V nM9 is above a 
predetermined minimum threshold indicating a voltage, 

40 V«w— * Wat » belowa predelerms led m ini m u m 

current threshold indicating a current then an 

open circuit signal is provided to a controller. 

A current threshold detector 106 includes a potenti- 
ometer 107 coupled to the negative input 108. The po- 
tentiometer 107 sets the level so that when a cur- 
rent is present, the current detector 106 win indicate ae 
such. The l RU3 signal 86 is connected to the positive in* 
put 109 of the comparator 106. Thus, when the 1*4* * 
greater than the value. I m— / set by the potentiometer 

so i07 a e positive voftage appears at the output 110 of the 
current threshold detector 106. 

SirnHany. * voftage threshold detector 113 includes 
a potentiometer 114 connected to the negative input 115. 
The potentiometer 114 sets tie voftage threshold at 
55 which the threshold detector 1 1 3 registers a posHrv* out- 
put, when a minimum voftage is present. The 
V*ms signal is input to the positive input 116 of *>e 

thracnold dot«etor 113 Tho«. IT m* me— **♦ 
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VfuMh set by the potentiometer 114. a positive voltage 
wiU appear at the output 1 1 7 of the voltage threshold de- 
tector 113. 

The output 117 o* the voltage threshold detector 1 1 3 
is eiso coupled to an AND gate 111 and the output 110 
of the current threshold detector 1 06 is coupled to an in- 
verted input 1 1 2 of the AND gate 111. The AND gate 111 
acts as an open circuit detector. When the V^ms exceeds 
the and where the does not exceed I*.*,, 

a logic 1 will appear at the output 120 of the AND gate 
ill indicating an open circuit. The output 1 20 of the AND 
gate 111 is coupled to the controller 79 to communicate 
tne open circuit status. 

If current or voftage is supplied an extended period 
of time and a coagulation complete condition has not 
been detected, it may indicate, tor example, that the in- 
strument ts not clamped on tissue or that a malfunction 
has occurred, tf the V AMS is above the predetermined 
v emh °* ln * ' *M3 <* Above ImfMH. then a timer is turned 
on. If the timer is on for a period of time greater tian a 
predetermined maximum amount of time. T M . then a 
troe over signal o provided to the controller. If the dura- 
i lion of the ixner on is not greater man T^ then the de- 
vice continues to supply RF current to the tissue and con- 
tinues to measure current, voltage and impedance, etc. 



The output 1 1 0 of the current threshold detector 106 
is coupled to an OR gate 118 which i6 coupled toe timer 

121. IttnelpMi* exceeds the l* fM *.the output 110 of the 
current threshold detector 106 will present a logic 1 to 
the OR gate 119 which will then turn on the timer 1 21 . 

SimiUrry the output 117 of the voftage threshold de- 
tector 113 is coupled to the OR gate 118. If the V ftrM b 
exceeded by V^, the OR gate 118 wilt present a logc 
i at its output 11 9 and turn on the timer 121. The output 
1 23 of the timer 1 21 is coupled to the controller 79. When 
the timer 121 has been activated for an amount of time 
that exceeds a preset threshold lime. T mM , the output 
123 wii be a logic 1. The timer is reset with the user ac- 
tivated switch 42 which is coupled to the timer reset input 

122. when the instrument 10 is reset 

A coagulation complete condition is determined as 
foflows: First. 7 |)un is determined. Then, a target mped- 
ance at which coagulation is complete. Z^,^ 19 calcu- 
lated as a function of the minimum impedance The initial 
impedancs, 2^. Z lar ^ #t , slope of the impedance curve, 
and time to complete may vary for a given application 
and/or instrument, but tend to correlate to a function of 
minimum impedance. Depending on the ststrument used 
and/or the actual deseed result the actual function of 
mrimum snpedance may vary. In this particular embod- 
iment f (Z^) is inear: '(Z^) = 0.2Z ♦ 500 This function 

is bound, i.e.. where 7 is > 560 ohms, then Z^^, is 

Z^ ♦ 50 ohms. '{7 ) may be e dtfferent function. It 
may be coocnuous. non-centraous. kneer, non-knaar. a 
ptecewise approximation and/or in the form of a look-up 
table. MZ**,) may also be bound at different values. 

The impedance signal 89 * used to dau»mw>o tissue 
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coagulation as follows: First, a determination is made 
whether the measured Z is a minimum impedance. Z mm . 
The impedance signal 89 is inverted and offset by a gain 
offset inverter 96. The output of the gain offset nverter 
96 is in turn ts coupled to a pea* detector 97. The output 
102 of the gam offset inverter is representative of an in- 
verted and offset measured Z. i.e.. (-Z+k). Z^ will now 
be the highest offset value of (-Z ♦ k) encountered. 

The peak detector 97 thus detects and holds the 
highest value of the inverted and offset measured imped- 
ance. Z which is Z^i*. When Z^ has occurred, the out- 
put 103 of the peak detector 97 n representative of (-2^ 

♦ k) RF energy is continued to be applied to the tissue 
and the monitoring for short circuit open circuit and time 
over as well as tooting for e Z^ continues until a Z is 
equal to Z^,. 

Wxm the has been determined, function of the 
2m* * calculated to provide a impedance. Z^ 

get. at which treatment (coagulation) Is completed. The 
output 103 of the peak detector 97 is coupled to a thresh 
old determtmng circuit 98 which calculates the function 
of Z^h, lo determine the 2 imgBt The output 99 of the 
threshold determining circuit is representative of Z tar ^ #f 
when the measured impedance is equal to Z^. 

A continuous comparison is made between Z and f 
(Z^). It should be noted here that f( Z^ is continuously 
calculated as t(Z) untl a Z^ is detected. The compari- 
son is continuously made between Z and f(Z) untl Zm* 
is determined. This does not have a significant conse- 
quence, however, because « is anticipated that f(Z> wii 
be larger than Z during tissue treatment and a premature 
coagulation complete signal therefore wel not occur. 

tf measured Z is less then or equal to the then 
RF energy * continued to be suppied and steps de- 
scribed above ere earned out until a signal has been pro- 
vided to the controser ttal there is en open circuit signal, 
short cscurt signal, a time over signal, or a coagulate 
complete signal If the measured Z is greater than or Is 
equal to "Z^pti* then a signal is provided to the controller 
that coagulation has been completed. Again « is noted 
that in this embodiment Z has been irwerted arxi slutted 
in order to acco m modat e 7^ determination via the peak 
detector 97. The im p eda nc e values referred to in this 
paragraph are the actual impedance values 

The output 99. Z^^,, of the threshold determining 
circuit 98 is coupled to the positive input 101 of a com- 
parator OP amp 100. The output 102 of the gain offset 
inverter 96 is coupled to the negative input 104 of the 
comparator too. The comparator 100 compares the -Z 

♦ k representative value which is input to the negative 
nput 104 of the comparator 100. to the Z^^., represent- 
aiKre velue which is calculated as a function of -Z^ > k. 

output 105 wilt be positive. That ts. rf the measured Z is 
greater than tfZ^), a coagulation complete signal witt 
appear at the output 105 of the comparator 100. 

A sxjnai is provided to a oontrofter for each condition 



o 
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the existence of one or more of these conditions the RF 
energy is automatically lumed off by the controller. Fig. 
11 illustrates the system logic of the controller 79 The 
controller 79 includes a short circuit input 1 24. a coagu- 
lation complete input 125. an open circuit input 1 26 and 
a tvne out input 127. as weH as a reset input 129. The 
coottoSer 79 also includes a RF control output 129 which 
switches on anoVOr off the RF generator delivery ol eiec- 
trosurgicai energy to the tissue. As long as the output 
129 is a logic 1. the RF is on. The output 129 is a logic 
1 when coagulate complete 125. time out 127, short cir- 
cuit 124. the open circuit 126 and the reset input 128. 
are all at a logic "0*. It any one or more of the Inputs 124. 
1 25. 126. 127: 128 are at a tog* M" the RF control output 
129 is a logic "0* and the RF is turned oft. 

A pe^n^d embodvnent provides a control device 
which controls the generator energy output based on 
load impedance. The load rnpeoance is used to deter- 
mne a preferred energy level, e.g., voltage, current or 
power level, based on a spectic system toad curve for a 
generator, instrument anoVor application. The control de- 
vice then compares the actual energy level for the meas- 
ured impedance with the desired energy level and ad- 
justs the generator output acco rd ing to the difference be- 
tween the two. i.e.. preferably to minimize the difference 
between the two. 

The specific load curve preferably reflects the voll- 
age. current, power. for,a range of impedance that wtM 
optimize performance of the instrument. The load curve 
may have various forms, for example, it may be contin- 
uous or may be stepped. The toad curve may vary from 
generator to generator, for e particular instrument in use 
with the generator, or for a particular electrosurgical ap- 
plication of the generator. For example, in a one embod- 
iment using an instrument, such as des cr ib ed herein, 
three impedance ranges have been identified at which 
different energy requirements exist: Initially tissue im- 
pedance is in a lower range, e g., approximately 20 to 
100 ohms. In the tower ranges, more current is required 
to provide enough p o wer to initiate tissue coagulation. A 
second, mid-range of impedances, e.g., approximately 
100 to 500 ohms, requires enough power to maintain tie 
coagulation process. A third range of higher vnpedances 
typically occurring towards completion of coagulation, 
e.g.. approximately 600 ohms and above, requires the 
voltage be grafted to p re v ent sparking and tissue sticking. 
Thus the system load curve m this embodiment would 
reflect both the inherent characteristics of the generator 
and voltage output at which optimum power o delivered 
for a particular vnpedance. as we* as the specific power 
requirements for a predetermined instrument and appe- 

Reterring to Fig. 10, a generator with a servo loop 
control device, is illustrated. The impedance signal 89 
and the votage signal 87 are led back to the gen- 
erator 70 through a control device which comprises a 
function fitting device 61 and an error amplifier 62. The 
control device causes toe oerwretor 70 to cxoduce von- 
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ages within a desired range based on a load impedance 
fit to a spectftc load curve. 

The vnpedance 89 is fed to a function fitting device 
61. The output 64 of the function ttttvtg device 61 repre- 

s sente a desired voltage based on the input impedance 
69. This desired voltage function is the voltage required 
for the generator 70 to produce e particular, pre-deter- 
rrsned load curve. Desired voltage output 64 along with 
actual voltage is fed into an error amplifier 62. The output 

io 65 of the error amplifier 62 represents an error voltage 
which Is fed ntoan analog multiplier 75 through a diode 
77. 

Alternatively, current, power or another energy pa- 
rameter may be used to control the output of the energy 

rs source or generator 70. A signal corresponding to im- 
pedance of the target is input into the function fitting de- 
vce which provides a desired current, power or other en- 
ergy parameter output, which is then compared to the 
measured or calculated current, power or other energy 

20 parameter. . 

The diode 77 ensures first quadrant operation of the 
analog muftiplier 75. The analog multiplier 75 functions 
as an amplitude modulator of osotator 72 such that large 
error voftages at output 65 resut in large outputs from 

2S RF amplifier 71. And small error voltages ol output 65 
. result in smaller RF output from RF amplifier 71 . Thus, 
generator 70 acts as a closed-loop servo system based 

. . . .. on voltage such that a desired load curve is obtained. 
The loop compensation device 63 acts to stabilize the 

jo servo loop, if an electrical parameter other than votage 
is used, the form fitting function preferably outputs a sig- 
nal reflecting the difference in the alternative energy pa- 
rameter. 

Referring now to Figures 6-9 a flow chart illustrates 

3S a rnsthod for carrying out a microprocessor controlled 
emb o d im ent Of the present invention. When the system 
is turned on (block 200). the variables including Z^. 
v fif— fc- 1*y— h- time over, and Zmw, are initialized (block 
201). The system contvwes to took for the activation of 

40 me RF switch (block 202). When toe RF switch ts turned 
on. the interrupts are set lor RF Switch (block 203). tor 
Short Circuit (block 204). and Open Circuit (block 205) 
so that when one of these interrupt conditions occur, the 
microprocessor automatically goes lo the instructions 

4S associated wah block 234. 

After the interrupts are set, the timer is started (block 
206). A sequence is run to check the RF amplifier health 
(block 207). e.g.. to took tor an Amplifier On signal or to 
check if certain votagee are in a suitable range. It the 

so ampHfier Is operating property. RF energy is turned on 
(blocks 206 and 209). 

If the emptier ta not operating conectty. an RF Off 
request is made (blocks 209 and 21 0) and a Hardware 
Failure Alert flag is set (block 211). The system looks for 

ss a hardware failure flag (block 233). When the hardware 
fafture is detected, the controller provides a hardware 
fadure alert vuscaiton and shuts off. (blocks 243 and 

2SS) 
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If hardware failure is not indicated (block 233). than 

and 1^ is read (block 235) to determine it any volt- 
age or currant is being supplied by the system (block 
236). When the system is first initialized, until the instruc- 
tion to turn on energy in block 209 ts reached, there 
should be no current or votage. It there is a voltage or 
current with the RF request oft. then there is a hardware 
failure. A hardware fasure alert is indicated and the pro- 
gram rs slopped ( blacks 24^ and 244). 

It RF energy is turned on (block 209). then the V fm . 
and 1^, are read and the impedance. Z. is calculated by 
dividing the by fne 1^. (block 21 2) The controller 
checks to see if the V mM# and l >w>t)l> flags are set. 
(block 213). These flags are set when a metsnum thresh- 
old voltage is present and a minimum threshold current 
is delivered through the electrodes of the device, (blocks 
214. 215. 216. and 217): 

If the V mal# and l^*. flags are sat (213) the sort- 

* ware looks tor a line over condition to determine if the 
device has been on tor a period of time in excess of a 
maximum if a time over condition is recognized. Vie trrv 

* er flag is set RF energy is turned off (blocks 218 and 
21 9) and a hardware failure check is run (block 233). 

After looking for a time over condit i on, the controller 
checks tor a short circuit or open circuit condition, tl a 
shod or open circuit exists, the corresponding short cir- 
cuit or open circuit bit is set (block 220). RF energy is 
turned off (block 221). and a hardware failure check is 
run (block 233). 

The controller checks again for V #MMv and l^^. in 
block 222. before p r ocseo tn g to the threshold determwi- 
r>g portion of the circuit illustrated in Fig. a It the voltage 
or current Oid not exceed V ftr>ah or l mr ,, ft in blocks 214 
and 216. the controller iterates the sequence beginnrtg 
at block 212 for detecting time over, short efceuk. open 
circuit Le., the coagulation complete de tec t i o n enable 
This enables the device to wait until enough current arid 
voltage is defcvered to the circuit to check for the coagu- 
lation complete condition. 

r ~i f the V #AaW# and \ mtmbt9 flags aire set. the short circuit 
and open circuit bits are not set (block 220). and the time 
over condition does not yet exist (block 219). the meas- 
ured impedance used to determine if coagu taboo is com- 
plete as follows. 

The Z initial flag is eat during the first iteration and 
Zfl*, is infttatty assigned the measured impedance value 
(blocks 223*225). Initial* is the same as the meas- 
ured rnpedence and thus block 227 ts bypassed at block 
226. A calculation is made of fiZ^) (block 226). As long 
aa the measured impedance is less than the ffZ^*). the 
sequence is iterated (229. 231). In the next iteration of 
blocks 223-231 . the newly measured rnpedence is com- 
pared to the previous mea sur ed impedance which has 
been assigned (block 226). As long as tie imped- 
ance a decreasng, w*t be reassigned the new val- 
ue Of ttemeasured impedance (blocks 226 and 227) and 
the steps repeated. Whan tie measured impedance is 
ar—*m* Snan or maumt to ffZ__). » * ih* tt*M»iak) md. 



ance. the coagulation complete flag is set (block 230) If 
coagulation complete flag is set. the RF is turned off 
(block 232) and the hardware failure check is run. 

If after the initial run through the program a hardware 

$ failure alert occurs (block 233. 236) or an interrupt oc- 
curs, the program detemvnes the cause and kxlicates 
as such (blocks 233-242). The V w and 1^ are read, 
(block 235) If no current or voltage b being delivered to 
the system, the controller checks to see tf the open cr 

'0 curt, short circus or time over flags have been set (block 
237). If so then a signal indicates which flags have been 
set. and the program is returned to start (blocks 240. 
242). Similarly. controfer checks for the coagulation 
complete flag (block 239). If there was the coagulation 

*s complete flag has been sat. it win be indicated for ten 
seconds (block 241). if not.lt writ be irafceated as not com- 
plete (block 240) and the program will return to point at 
the start (block 242). Preferably the electrical compo- 
nents selected to carry but the steps of Figs 6-9 are 

*> adapted to provide a complete aeration of el the steps 
at least every 1/50 second. 

Referring now to Figs. 1 -5 there is illustrated an in- 
strument to be used In conjunction with the impedance 
feedback device of the present invention. An endoscopic 

25 (near cunirigarxJ staple 

a housing 16 coupled toe shaft 30 with a lurrwn extend- 
ing therethrough and an end effector 15 extending from 
the distal end of the shah 30. The end effector 1 5 com- 
prises first and second elements which are comprised of 

M intertacsig jaw members 32. 34. Jaw membe r 32 to mov- 
ably secured to jaw member 34. The housing 16 has a 
clamping trigger 1 2 for closing jaw members 32. 34. Jaw 
members 32. 34 are shown In an unciamped position in 
Fig. 2. in e damped position prior to instrument firing in 

*s Fig. 3. and in a damped position after instrument firing 
in Fig. 4. 

Jaw member 32 comprises an anvil IB. U-shaped 
electrode 39 extamxng along the length of the jaw 32. 
and a U-shaped insula* ng materiel 31 surrounding the 
*o outside of the electrode 39. Jaw member 32 hasenirmer 
surface 33 which faces an inner surface 35 of jaw mem- 
ber 34. The U-shaped elsctrode 39 compr i ses two elec- 
trically co mm u nicating electrode bars 27. 28 forming a 
first pole and located on and extending substantially 
«5 along the length of the inner surface 33. The U-shaped 
electrode 39 Is comprised of a conductor, such as. alu- 
minum or surgical grade stainless steel. The bars 27. 28 
are separated by a knife channel 29 extending longitu- 
dinally through the mkfole of the electrode 39. Pockets 
*e 36 located on anvil 18 for receiving staple ends are lo- 
cated along the inner surface 33. lateral to and outside 
of bars 27. 26. The electrode bars 27. 28 and insulating 
material 31 form a ridge 56 extending out relative to an 
anvtf portion 37 of the inner surface 33 (Fig. 5). The elec- 
ts uods 39 acts as e first pole of a bipolar system The anvil 
18 is formed of an etecthcaty conductive material and 
acts as a second pole of the bipolar system, electrically 

oeootM to tH* fird oot* TW+ to I* ■ 
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tated from the electrode* by the U~fthaped mutating ma- 
terial 31 

Bipolar energy may be supplied to the end effector 
15 from elect rosorgjcaJ generator 40 (fig. 10) through 
wires 1 9. 20 extending into the body 16 of the instrument 
The generator 40 is user controsed by way of switch 42 
(fig. 10). Wire 1 9 provides electrical current to the elec- 
trode 39 through slectricai contact means extending 
through shaft 30. Wire 20 carries a current to the anvi 
18 and is coupled to the anvil 16 through an ele ctrica l 
contact means sxlerrtng through the shaft 30 The elec- 
tric*! circuit is dosed when and only when the damping 
trigger 12 is c l osed. A means of connecting the wire to 
the correspondi ng electrode as wen as instrument actu- 
ation means are described in parent application S.N. 
06*095.797, incorporated herein by reference. 

Jaw member 34 composes a cartridge channel 22 
and a cartridge 23 inserted into the cartridge channel 22. 
The cartridge 23 Inckidesa track 25 for wedge 13. a knife 
channel 26 exteriox^tongtudinaJ^ through the center 
of the cartridge 23. a sense of drivers 24 extending into 
the track 25 and rtwpiee 17 arranged in two sets of par- 
attel double rows. When tissue is engaged b et wee n 
clamped jaw members 32. 34. a firing trigger 14 located 
on housing 16 may be actuated to advan ce a cutting el- 
ement 11 through the engaged tissue to cut the tissue. 
SirnunaneousV. when the firing trigger 14 is actuated, 
the wedge 13 is aoVanced through the track 25 causing . 
the drivers to 24 to displace tow ar d s the staples 17. 
thereby drivsig the staples 17 through tissue and into arir 
vl pockets 36. 

tn operation, the end effector 15 of tie instrument » 
located at a tissue site where tissue is to be treated. The 
jaw members 32, 34 are opened and tissue is tien 
placed between the interfacing iriner surfaces 35* 33 re- 
spectively of jaw members 32, 34. The cla mping trigger 
1 2 is squeezed to cause the |aw member* 32, 34 to close 
to locate and compress tissue betw ee n the interfacing 
inner surfaces 33, 35. The closure of the ciamprtg trigger 
12 also closes the ele ctr ical circuit When thm tissue has 
been appropriately situated between the jaw members 
32. 34, a user may apply RF energy from the generator 
40 usmg a user activated switch 42. Current flows 
through the compressed tissue b et ween the electrode 
39. i e.. toe bars 27. 28. and the anvi 18. 

After the RF energy Is turned oSf, the controller sidV 
cates the instrument status, e.g.. open circuit, short cir- 
cuit, coagulation complete, time over. If the coagulation 
complete status is indicated, the firing trigger 1 4 may be 
actuated to advance cutting element 11 through knie 
channels 26, 29 to cut engaged tissue be t ween the bars 
27. 28 where the tissue has been cauterized. Simultane- 
ously, the firing trigger 14 advances toe wedge 13 
through treck 25 to advance drivers 24 to fire staples 17 
through tissue and into pockets 36 of the anvil 18. Thus, 
the cut line is lateral to the coaauattton Inee formed by 
the bar electrodes 27. 28 and staples 17 are applied into 
tongSucknaSy doubt* row* on each side of *t* cutting *4- 



ement 11 as the cutttng element 11 cuts the tissue. 

The invenson described and the specific detads and 
the manner in which it may be carried out having been 
exemplified it will be readily apparent to those staled in 

s the art that innumerable variations, modslcalions, and 
extensions of the basic principles involved may be made 
vrstioutdeparurtg from tie spirit and scope of the present 
invention. The vnpecfanco feedback- system as de- 
scribed above is used to in oxeate whan sufficient cauter 

to ization has occurred. When c o ag u l a tion is complete, a 
signal may be provided by a eonUofter to a user, or a 
cayi Uu Msi rnay e u tomaSc as y turn off the RF energy. Oth- 
er signals may be provk ^ to a^instrurnentueereewei. 
For example a tone eoneeponding to frie measured im- 

*s pedance may be provided to a user to aurJbly monitor 
the change in impedance. 

ft is also intended that this device enoYor method be 
used we* numerous types of electrosurg^ instruments 
mckxxng mo n opolar, bipolar arid multipolar configure* 

*° Hons, The impedance f eedb ack systommey be included 
in part or in whole with the actual instrument, as a sep- 
arate unit enoVor with the energy source or generator. 



25 Ctetme 

1. A control device comprising: 

impedance m easur ement circuitry adapted to 
be coupled to lis lue coot act in q otoctrodos eeiirrt- 
30 atad with a txm>e-treats^ corton of a surgical 
instnjment and to an energy source adapted to sup- 
ply thprapeirtic eloctrcaurgical energy to said elec- 
trodes, and 

an energy control ajgnaf adsytsdtoccDtiplRF 
a* energy suppked from said energy source to said 
electrodes. 

wherein said irnpedance measurement cir- 
cuttry is adapted: 

to measure Vie impedance of tissue engaged 
so bysaMtissus-treatingrjcvticm 
mon£ 

to dels mane a minimum impedance value; 

to deter rrsne a target impedance value as a 
function of said msiimum impedsnce value; 
45 to comp ere measured irnped ance values to 

said target impedance value; and 

to after said energy control signal when said 

impedance value. 

so 

2. Trie r^itiol device of claim 1. wherein said irrped- 
ance meeiuring ckcuftry incfudas: 

a first device tor determining the minimum 

« sss<onddsvk ^ eouplsdtoss^frstoevicsfor 
dstermining the target i nx podan ce value ee a func- 
ban of said nxnsnum impedance valuec and 
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ance values to said target impedance value a no for 
genoratmg a signal indicating whether said meas- 
ured impedance value exceeds said target imped- 
ance value. 

A control device adapted to be coupled to an energy 
source for providing electros urgical energy to tissue 
to be treated, the control device compnang: 

a first input for receiving at least one ol a first 
signal representative of votage delivered from said 
energy source to said tissue and a second signal 
representative of current delivered from said energy 
source to said tissue: 

a second input for receiving a third signal rep- 
resentative of a target impedance for said tissue oh 
the energy source, determined from the first and 
second signals; and 

a function fitting device for providing a fourth 
signal representative of desired energy output 
according to a system load curve, ma fourth signal 
corresponding to desired energy output for the tar- 
get load impedance represented by the third signal: 

wherein said control device is adapted to: 

control energy output by the energy source 
based on the third signal representative of the load 
impedance; and 

control the energy source to bring electrosur- 
gicai energy delivered by the energy source to the 
target w*htn e reng* of desired •nergy output basod 
on i 



trades adapted to contact tissue to be treated and 
to cause etoctrosurgtcal energy to be conducted 
between said electrodes through said tissue: and 

a control device according to any one of claims 
1 to 5. 

wherein the control device is adapted to con- 
trol the output of said electrosurgicai energy 
between said electrodes. 

An electros urgical device tor treating tissue during 
an etoctrosurgical procedure, the electros urgical 
device comprising! 

etectricafy isolated first and second elec- 
trodes adapted lb contract tissue to be treated and 
to causa olectrosurgjcsl energy to be conducted 
between said electrodes through said tissue: 

an etectrosurgicaf energy source for provktog 
said etactrosurgfcal energy to said electrodes: and 

acc^^deviceaccc^gtoanyonec^ciavns 

wherein said control device is arranged to con- 
trol the output from said etectrosurgicaf energy 



4. The control device of claim 3 which include* a com- 
pahson device I or comparing said four* signal, rep- 
resentative of ooeired energy output, to at least one 
ol said first and second signets, said comparison » 
device being adapted to provide a control signal for 
controlling said energy sourc* 

*\ The control device of ctavn 4, wheren said control 
•r signal represents a difference between said fourth as 
signal and said at least one of said first and second 
signals. 

6. A generator for providing etectrosurgicaJ energy to 
an etectrosurgicaf device said generator ccmpris- 
ing: 

•urgical energy source for providing 
energy to said electros urgical 



25 *• The electrosurgicai device of claim 7 or 8. wheren 
located on one of a first and a 
said first and second 
relative to each other for 
engaging tissue therebetween. 

10. The electrosurgicai device of claim 9, wherein said 
second electrode is tocated on the other one of said 



11. The electrosurgxaJ device of daim 9. wherein: 

said first and second elements each com- 
prism an inter! acing surface for engaging tissue to 
be electfosurg>caay treated. 

said first and second electrodes each com- 
prises one or more electrode elements located on 
said interlacing surfaces; and 



offset from one another with respect to said Interfac- 
ing surfaces. 



a control device according to any one of claims so 
l to5. 

wherein *>e control device is arranged to con- 
trol the output of said energy source 

7. - An electrosurgicai device tor treating tissue dumg 55 
a surgical procedure, the etoctrosurgical device 
comprising: 

electricaSy isolated first end second etec- 
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